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XLI. Account of the Tranjji ^ Venus over 
the Sun's Difk^ as obferved at Norriton, in 
the County (p/' Philadelphia, and Provmce of 
Pennfylvania, June 3, 1769. By William 
Smith, D. D. Provoji of the College of 
Philadelphia ; John Lukens, Efquire^ 
Surveyor-General of V^nniyhdinm ; David 
Rittenhoufe, A. M. of Norriton; and 
John Sellers, Efquire^ one of the Reprefen- 
tatives in Affembly for Chefter County \ the 
Committee appointed for that Ohfervation^ 
by the American Philofophical Society, 
held at Philadelphia, for promoting ufeful 
Knowledge. Communicated to the faid 
Society,/;^ Behalf^ and by DireElion^ of the 
Committee^ by DoEior Smith ; and to the 
Royal Society of London, by Nevil 
Ma(kelin€, B. D. Aflronomer Royal. 

Gentlemen, 
Read Nov. 25, yl M O N G the various public- fpirited 

^' ^* y\ defigns, that have engaged the at- 
tention of this Society fince its firft inftitution, none 
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does them more honour than their early refolutlon to 
appoint Committees, from their own members, to 
make as many obfervations, in dilFerent places, of 
that rare phasnomenon, the tranfit of Venus over the 
Sun's difk, as they had any probability of being able 
to defray the expence of, either from their own 
funds, or the pubjic affiftance they expeded. 

As the members of the Committee above men- 
tioned live at fome diftance from each other, I am 
therefore now, by their direftion, and in their behalf, 
to colled, and lay before you, the whole of the Nor* 
riton obfervations j diftinguifliing however, fo far as 
may be neceflary, the part of each obferverj and 
going back to the firft preparations. For I am per* 
iiiaded that the dependance which the learned world 
will place on any particular tranfit account, will be 
altogether in proportion to the previous and fubfe- 
quent care, which they find hath been taken, in a 
feries of accurate and well-conduded obfervations, for 
regulating the time-pieces, and afcertaing the lati* 
tude and longitude of the place of obfervation, &c. 
And I am the more defirous to be particular in thefe 
points, in order to do juftice to Mr. Rittenhoufe, one 
of our Committee i to whofe extraordinary fkill and 
diligence is owing whatever advantage may be de- 
rived in* thefe refpeds to our obfervation of the tranfit 
itfelf. It is further conceived,, that the learned and 
curious will be dtfirous to have not only the work 
relative to each particular tranfit account, but the 
materials alfo, that they may have an opportunity to 
examine and conclude for themfelves* And it is a 
plcafure to us that we are able to communicate fo 
complete a fct of obfervations in every material 
article. 

The 
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The great difcouragement which the different 
Committees laboured under, at their firft appoint- 
ment by this Society, was the want of proper appa- 
ratus, efpecially good telefcopes. The generofity of 
our Provincial Aflembly foon removed a very confi- 
derable part of this difcouragement, not only by their 
vote to purchafe one of the beft refleding telefcopes, 
with Dollond's micrometer, but like wife by their 
fubfequent benefadion of one hundred pounds, for 
erecting obfervatories, and defraying other incidental 
expences. It was forefeen that, on the arrival of this 
telefcope*, added to other private ones that could be 
procured in this city, and the fitting up the inftru- 
ments belonging to the honourable Proprietaries, 
viz. the large aftronomical fedor, and the equal alti- 
tude and tranfit inftrument, nothing would be 
wanting for the city obfervatory, eredcd in the State- 
houfe Square, but a good time-piece, which was 
cafily to be procured. 

We remained, however, ftill at a lofs how to fur- 
nifli the Norriton obfervatory. But this difficulty 
gradually vaniflied. Early in September, 1768, 
foon after the nomination of the Committees, I re- 
ceived a letter from that worthy and honourable 
gentleman, Thomas Penn, Efquire, one of the Pro- 
prietors of this province, expreffing his defire that we 
would exert ourfelves in obferving the tranfit, for 
which our fituation was fo favourable ; and inclofmg 
fome copies of Mr. Maikelyne's directions for that 
purpofe/ 

^ This telefcope came to hand in April, 1769. It was made 
by Nairne, 4! ieet^ and its greateft magnifying power 400 
times i with an excellent micrometer. 

P p 2 This 



This gave an opportunity, which I embraced im- 
mediately, to inform Mr. Penn, that this Society, 
before the receipt of his letter, had appointed 
two* Committees for the bufinefs he propofed j 
that the Aflembly had generoufly ordered one hun- 
dred pounds, fterling, to purchafe one telefcope, as 
above fet forth J but that we fhould be at a great lofs 
for a telefcope and micrometer, of the like con- 
ftruftion, for the Norriton obfervatory; requeftin^ 
him to order a refledor of 24. feet, with Dollond's 
micrometer, to be got ready in London 5 which I 
was in hopes I fhould prevail on our College to pay 
for, and take for their own ufe, as foon as the corpo- 
ration fhould have an opportunity of meeting. It 
was not long before I had the pleafure to hear that 
Mr. Penn had ordered fuch a telefcope. which came 
to hand in due time, with a moft obliging letter, 
expreffing his fatisfadlion in the fpirit fhewn at Phi- 
ladelphia for obferving this curious phsenomenon, and 
concluding as follows : 

*« I have fent by Captain Sparks a refleding te- 
!< lefcope, with DoUond's micrometer, exad to your 
<^ requeft, which I hope will come fafe to hand. 
^r After making your obfervation with it, I defire 
«< you will prefent it, in my name, to the College. 
<« Meffieurs Mafon and Dixon tell me, they never 
«< ufed a better than that which I formerly fent to the 
*^ Library Company of Philadelphia, with which a 
«« good obfervationt may be made, although it has no 
<« micrometer ."— — 

^ A third Committee was afterwards appointed, to obferve at 
or near Cape Henlopen. 

+ Mr. Owen Biddle, who was appointed by the Society to 
conduft the obfervation near Gape Henlopen, had this telefcope j 

We 
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We were now enabled to furnifh the Norrlton 
obfervatory, as follows : 

1. A 2-i feet Gregorian refleftor, with a Dollond's 
micrometer, made by Nairne, its magnifying 
powers ^^y 95, 135, and 200 times. The gift of 
the honourable Thomas Penn, Efquire, to the 
College of Philadelphia. Ufed by Doftor Smith. 

2. A refradlor of 42 feet, its magnifying power 
about 140. The glafles fent to the Affembly, 
with the large refledtor, from England. Ufed 
byMr.Lukens. 

3. Mr, Rittenhoufe's refraftor, with an objed 
glafs of 36 feet focus, and a convex eye glafs of 
3 inches, magnifying about 144 times, Ufed 
by himfelf. 

4. An excellent clock 5 a tranfit telefcope, nicely 
moving in the plane of the meridian 5 and a 
very accurate equal altitude inftrument, fup- 
ported, in the obfervatory, on a ftone pedeftaL 
Thefe three articles were alfo Mr. Rittenhoufe*s 
private property, and made by himfelf, whereof 
fome mention is made below. 

5. An aftronomical quadrant, ai. feet radius, made 
by Sillbn^ the property of the proprietors of 
Eaft New Jerfey 5 under the care of the right 
honourable William Earl of Stirling, furveyor- 
general of that province, who kindly permitted 
us the ufe of it. 

nothing being defired here but the contads, and their exa£l 
time, which he obtained to great fatisfaftion, as by bis report 
may appear* 

As 
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As Mr. Rittenhoufe's dwelling at Norrlton is 20 
iDiles N. W. of Philadelphia, our other engage- 
Rients did not permit Mr. Lukens, or myfelf, to pay 
much attention to the ncceflary preparations 1 but 
we knew that we had entrufted them to a gentleman 
on the fpoti who had, joined to a complete fkili in 
mechanics, fo extenlive an aftronomical and mathe*- 
maticai knowledge, that the conftruftion, ufe, and 
management of all the necelTary apparatus are per- 
fectly familiar to him. The dull and rainy weather 
prevented our fetting out for his houfe till Thurfday, 
June I ; and we found, on our arrival there, every 
preparation fo forward, that we had little to do but 
to examine and adjuft our refpeftive telefcopes to di- 
ilin£l vifion. Mr. Rittenhouie had compleated his 
obfervatory, fitted up the different inftruments, and 
made a great number of obfervations, for fixing the 
latitude and longitude of the obfervatory, and afcer- 
taining the going of his ticne-piece. The laudable 
pains he has taken in thefe material articles will beft 
appear from the work itfelf, which I received from 
him a few days ago, with the following very obliging 
letter 1 giving me a liberty which his own accuracy, 
care, and abilities leave me no room to exercife 5 and 
therefore what follows is entirely as he drew it up, viz* 

^^ To the Reverend Do£lor S m i x h» 

« Dear Sir, 

«« The enclofed is the beft account I can give of 
*« the contafts, as I obferved them, and of what I 
^^ faw during the interval between them* I fhould 
*^ be glad you would contra^ them (and the other 

*^ papers) 



it 
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^' papers) into a fmaller compals, as I would have 
done myfelf, if I had known how. I beg you 
would not copy any thing merely becaufe I have 

*^ written it, but leave out what you think fuper- 

** fluous. 

** 1 am, with great eftecm and afFedion, Yours, 

Norriton, July 18, 1769. a DavID RiTTENHOUSE/' 



Mr. Rittenhoufe^s account of the obfervations made 
by him, at Norriton, before and after the tranfit of 
Venus, June 3, 1769 j for determining the lon- 
gitude and latitude of his obiervatory, reguFating 
his clock, &c. 



^^ Early in November, 1768, I began to ered an 
obfervatory, agreeable to the refolutions of the 
American Philofophical Society ; but, through 
*^ various difappointments from workmen and wea- 
^^ ther, could not complete it till the middle of 
" April, 1769. I had for fome time expeded the 
ufe of an equal altitude inftrument from Philadel- 
phia 5 but finding I could not depend on having 
it, I fell to work and made one, of as fimple a 
*' conftrudion as I could contrive. It has a good 
*' telefcope of 3-i. feet focal length, with two hori- 
" zontal and one vertical wire, in the focus, and is 
<c very eafily adjufted to a plummet wire, 4 feet ia 
*^ length, by two fcrews ^ one of which moves it in 
♦^ a north and fouth, the other in an eaft and weft 
" diredion^ The 20th of March this inftrument 

** was 
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was finiflhed, and put up out of doors, the obfer* 
fervatory being not yet ready, 
^^ I had, however, for fome weeks before this, 
with my 36 feet refra(3:or, obferved eclipfes of 
Jupiter's firft fatellite, in fuch a manner, that 
though my equal altitude inftrument was not fi- 
niflied, and confequently I could not fet my time- 
piece to apparent noon, I ihould, notwithftand- 
ing, be able to tell the true time of thofe eclipfes 
afterwards, when the inftrument fliould be fi- 
niftied. For this purpofe, I obferved, almoft every 
fair evening, the time by the clock, when the 
bright ftar in Orion difappeared behind a fixed 
obftacle, by applying my eye to a fmall fight- 
hole, made through a piece of brafs, faftened to a 
flrong poft. The obfervations were as follows : — 



1760* 



Day. 

Febr. i { 

22 
24 

12 

H 

17 
20 

21 
28 



March 



Star difap- 
peared per 
clock. 



h / 



ff 



9 
8 

8 

8 

7 

7 

7 

7 

7 
6 



26*39 
58 52 

48 



57 

21 

26 



40 41 
29 4 



17 

45 



16 
21 

44 



Immerfions of ifl: 
fatellite, per clock* 

February, 

Day. h ' '' 
16 14 24 58 
23 16 17 41 

Hence from the equal 
altitudes i« column, jj 
the apparent times of 
the two above immer- 
fions are 

Feb. h ' " 
16 14 21 10 
23 16 15 I 



Bjjual altitudes ubferved. 



March. 

Day.^ ' " 

8 58 52 



191 



19 ^ ^3 



"" L 8 59 59 



h ^ // 
2 56 ^2 

2 53 32 

2 58 26 

2 55 7 




Hence the 
Sun on me- 
ridian per 
clock. 

h / // 
II 57 37 



II 57 18 



(C 



<c 



cc 



" From March 20 to May 20, the clock was al- 
tered feveral times, once taken down to be cleaned, 
removed back to the obfervatory, and regulated 
anew. Care, hov^ever, vi^as taken to obferve equal 

*^ altitudes 
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<* altitudes of the Sun on the day preceding and fol- 
^' lowing any vifible ecHpfe of the ift fatellite. 
*^ The eclipfes and other obfervations, during this 
« period, were the following; 



■•.■■■•.■ 



Sua en me* 
rldian per 
clock. 



»"»* 



Equal altitudes of tht Sun. 

April 5, 1769. 
A. M. P M. 

h r If \x r Jf 

8 5 22 4 I 56 

8 8 16 3 59 2 



4th, 

8 3 43 4 3 3 
8 6 38 4 o 10 



lOth. 
8 32 8 1 

8 36 31 j 



cloudy. 



nth. 
8 30 22 3 30 43 

^ 35 ^ 3 27 47 
8 36 31 3 26 2i 



8 28 ^5 
8 31 51 
8 33 16 



1 2th. 



} 



cloudy. 



14th. 

8 25 42 3 33 56 

Cloud 3 31 I 

8 30 2 2 29 37 



Suu on me* 
ridian per 
clock. 



7 u 



12 3 25 



12 3 9 



12 20 



ObfervMim- 
merfions of 
ift fatellite. 

April 3. 
Immerflon 

14 52 40 



loth. 
Day-light 
16 46 20 



1 1 59 38 



1 2th. 
II 14 38 



'•• 



£i|ual altitudes of the Sua* 

May 4th. 



A.M. 



8 
8 
8 



S IS 

8 3 

9 ^3 



P.M. 

} 44 6 
3 41 j8 
3 39 48 



8 

8 
8 


5th. 

4 Ji 3 44 S« 

6 59 3 42 4 
8 19 3 40 42 


8 
8 
8 


6th. 
38 3 45 37 
5 54 3 4«Si 
7 15 



nth. 

8 34 51 3 17 12 

8 36 13 3 15 49 

8 37 4C> 3 H 22 

8 39 3 3 12 59 

15 th. 

9 12 59 2 39 28 

2 3$ 2 

9 15 53 « 36 3« 

2 35 7 



h ' ff 



«i S4 32 



II 54 22 



IX 54 14 



" Si 54 



11 56 7 



Obferved 
eclipfet of 
xftfateUitCi 



k f ft 



May 5th. 
Immerfion 
II 23 45 



"T 



May 14th. 

Emerfion 
9 58 5# 



wmmmimmmmK 



'•mmmmmm^mm 



" May 20, in the morning, the clock was fet up 
" for the laft time, pretty near the mean time. It 
*< had no provifion for preventing the irregularities 
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^* arifing from heat and cold 5 nor could I find lei- 
** fure to apply any contrivance of this fort. It had 
" been made fome time before, to determine the va- 
riations arifing from thofe caufes. The pendulum- 
rod is a flat fteel bar, with a bob v^eighing about 
twelve pounds, and vibrates in a fmall arch. It 
goes eight days, beats dead feconds, does not 
ftop when wound up, and is kept in motion by a 
*^ weight of five pounds. 

** The ill ftate of my health would not permit 
*^ me to fit up at nights, to take equal altitudes 
** of the flars. I was therefore obliged to content 
** myfelf with thofe of the Sun only. I had, 
*^ fome time before this, viz. May 12, got a te- 
•* lefcope fixed in the meridian, on an axis with 
" fine fteel points -, (o that the hair in its focus 
** could move in no other direction than along 
^ the meridian, 1 fet up two marks, north and 
** fouth, about 60 rods diftant each, to which it 
** can readily be adjufted, in a horizontal pofition, 
" by a fcrew j as it can likewife by another fcrew in 
** a vertical pofition. The two marks were fhifted 
** from day to day, until they were found within lefs 
*' than one fecond of time of the true meridian. 

" May ao, I likewife put wires,, inftead of hairs, 
<* in the telefcope of the equal altitude inftrument 5 
" and the following are the obfervations taken both 
^« with it, and with the meridian or tranfit telefcope, 
•* in the order wherein they were made : 



Equal 
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May 



20 



21 



Equal altitudes of the Sun, 



h / 



0*s up. limb ^ p 
It I ft hair J 
0° at 2d hair S 
O's 1. limb] g 
u I ft hair J 
D°at 2d hair 8 



A.M. 
// 

1 30 

2 53 

4 15 



P.M 

h / '^ 

3 5^ ^8 
3 50 8 

3 48 45 



5 36 3 47 24 



M.B. As the 1 
Sun feems to 
iefcend, be- 
ing inverted 
In the tele- 
fcope, hisup. 
imb is fet 
downascom- 



23 



8 



Cloudi 



{ 



3 52 i» 

3 50 i^o 

3 49 27 

3 48 7 



Hence the Sui 
on nr.eridian. 



// 



II 56 23 



ng to the up- 
per hair firft— 
though they 
might as pro- 
perly be call- 
ed 1 ft and 2d 
as upper and 
lower hairs 



>• 



8 
8 
8 
8 



4 

1 24 

2 47 

4 B 



3 
3 
3 



53 36 
52 16 

50 53 



■ 

J 



II 56 30 



Obferved ccUpfes 
f Jupiter's fatel- 



.ites. 



h ' // 



Emerfions. 



I ft Satellite. 
Em. II 51 46 



u 3-6 45 



H 



25 



26 



7 59 i^ 3 54 57 

8 o 35 3 53 38 
8 I 58 3 52 15 

8 - 3 18 3 50 54 



7 58 54 


3 55 38 


7 


3 54 18 


8 I 37 


3 52 56 


8 2 57 


3 5^ 35 



II 57 I 



Obfervations withi the meridian 
telcfcope. 



// 



O 's wefteni limb at ] ^ 

mr^nWJ.n M^ 55 ^^ 



meriQian 



/ 



G'seaftern limb at I 
ditto j"S7 3 



's weftern limb ii 55 23 
O *s eaftern ditto. n ^7 37 
% *s center on merid. i 1 8 39 



dq 2 



Q*s weftern limb ii 55 39 
Eaftern ditto 11 _57 53 



'-len-e the 

iun's center 
n meridian. 



h / // 



II 56 23f 



II 56 30 



0*s eaftern limb 11 58 o 
— Paflage of 0*s' 
femi-diameter 



% *s center on me- 
ridian hair 



X J. 

} 



I 8 



0's weftern limb u 55 53 
Eaftern ditto 1 1 58 9 



O *s weftern limb 
Eaftern ditto 



II 56 3 
II 58 18 



II 56 46 



II 56 52 



II 57 I 



II 57 lof 
Equal 
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Equal altitudes of the Sun. 



Hence the Sun 
'en meridian. 



May 

27 



30 



A.M. 



P.M. 



// 



Obferved ech'pfeso/ 
Jupiter's fateliites. 

Emerlions. 
fa / // 



Obfcrvatlons with the meridian 
telefcope. 



0*s weftem limb 
Eaftern ditto 



h 

12 

II 



// 



56 12 

58 27 



Hence the Sun's 
center on me- 
ridian. 

h t tf 



31 



'sup. limb 1 . ^^ ^^ 
at ift hair ] 7 57 ^9 
Ditto at 2d hair 7 58 49 
© 's 1. limb 1 g 
atifthair J 
Ditto at 2d hair 8 



O II 



i 31 



3 58 49 

3 57 30 
3 56 8 
3 54 49 



I' 5B sl 



D'seaft limb on! -.. .^ ., 
meridian. po 20 31 



O's weft limb onl 5658 
meridian j :> ^ 

+Pairageoffemi- 1 ^ ^ g 
diameter J 



ir 5p8 6 



June 



Put fmailer wires in the teleicope. 

Hence the difference in the intervals 
^ 5:7 9 4 o 6 
7 58 29 3 58 47 

7 59 53 3 57 22 

8 I 13 3 56 3 



Tranfit Day. 
Equal altitudes were not taken this 
day, as the inftrument wasto be other- 
wife employed in the afternoon. 



7 58 10 

7 59 34 

8 o 54 



4 
3 
3 
3 



I 18 

59 59 
58 35 
57 15 



u 58 34 



7 56 43 

7 59 27 

8 o 47 



4 I 50 
4 030 
3 59 7 
3 57 47 



II 59 









2 


50 


12 








2 


48 


51 


9 


n 


30 


2 


47 


26 



7 57 52 4 I 25 

7 59 10 4 o I 

8 o 35 



" 59 »3t 



II 59 26 



O'sweftemlimb ii 57 26 
Eaftern ditto 11 59 41 



" 5 33l 



O 's weftern limb 11 57 41 
Eaftern citto 11 59 5-7 



II 58 49 



O 's weftern limb 
Eaftern ditto 



11 57 54 

12 o 10 



iH^SPNTW 



II ^9 2 



I ft Satellite, 1^, a r u 00 

p«, ,« ,, Jo's weftern limb n c8 18 
E#m. ion 2, tjii j*^. 

Eaftern ditto 12 o 33 



" 59 25I 



u 59 36 



2d Satellite. |o*s weftern limb 

Rm. 8 23 42' Eaftern ditto 

I 5'sw.l.onmerid. 



11 58 2^ 

12 o 44 1 1 59 35{ 
3 21 53 

Obferved 
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Jure 
8 


Obferved equal Altitudes of the Sun. 
A M. E M. 

h 1 II h 1 If 

at;ftt/r'}7 56.7 4 3- 

Ditto at 2d hair 7 i^7 48 4 i 52 
O's 1. limb 1 
aT.fthair j/ 59 -^ 4 0^8 

Ditto at 2d hair 8 o 32 3 59 7 


flencethcSun 
on meridian. 

h / // 
II ^9 48 


Obferved eelipfes of 
Jupiter*s fatellites. 

h 1 If 


Obfer\'ations with the meridian 
telefcopc, 

h 1 If 

O's weft Umbl » 
on merid. \'' 5^ 40 
E. limb ditto 12 57 


Hencethc Sua'g 
center on ni«^ 
ridlan. 

h / /' 
II ^9 4SI 


10 


7 56 22 

7 57 48 

7 59 12 

8 32 


4 4 I 
4 2 41 

4 I 17 
3 59 7 


[2 9i 


'• 






12 








O's weft limb 11 59 29 
Eaft ditto 12 I 45 


12 37 


13 


7 59 13 

8 33 


4 '2 30 
4 III 


12 50 


I ft fatellite. 
Em. 12 5 _^9 


O's weft limb 11 59 42 
Eaft ditto 12 I _^9 


12 50|- 


H 










O's weft limb 11 59 57 
Eaft ditto 12 2 13 


12 I j; 


16 


7 56 52 

7 58 12 
7 59 36 
8. 56 


4 6 16 

4 4 57 

4- 3 3f 
4 2 12 


12 I 34 




O's weft limb 12 26 
Eaft ditto 12 2 42 
ll's center onl ^ 
merid. | 9' ^ 4 


i^ I 34 


17 








O's weft limb 12 36 
+ Pafrageoffe.l j. 
midiameter J ^ °^'^ 


Thermo- "1 ^ 
meter at r -- 




'U's center onl 
meridian J ^ ^ ^^ 


19 








O's weft limb 12 56 
mi-diameter J * ^">o 


12 2 4f 

Therm. 77'' 




Ijl'^ center onl « ^^ ^^ 
meridian / « 53 24 

\ ■ 


21 










O's weft limb 12 i 17 
Eaft ditto 12 3 34 


12 2 25I 
Therm. 83*^ 



Obferved 



[ 



.-^oa 



] 



OblcrvcJ Cijual altitudes of the Sun. 



June 

22 



2a 



25 



ze 



^7 



28 



A.M. 

h / // 



P.M. 



'-TencetheSun 
on merid.an. 



at .ft hair | 7 59 " 47 45 
Ditto at 2d hair 8 o 31 



39 



itifthair J ^^ 
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Table of Eclipfes of Jupiter's Satellites, obferved at Norriton ; 
compared with the calculated times of the fame Eclipfes for 
Greenwichj in order to fix the longitude of the Norriton obfer- 
vatory. N. B. If the obferved times of fuch of thofe Eclipfes 
as have been feen at Greenwich (hould differ from the calcu- 
lated times, the following difference of longitude, thence de- 
duced, muft be corrected accordingly. 
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N. B. As the emerfipn happened fo much fooner, and the im- 
merfion later, than the time given by the Tables, it is concluded, 
that the fatellite did not dip fo deep in the fhadow as the Tables 
would have it ^ but the mean of both gives nearly the feme differ- 
ence of longitude as the iirft fatellite. 
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«' May 20, Mr. Lukens Tent up the aftronomJcal 
quadrant, belonging to the Eaft-Jerfey proprietors, 
of 24, feet radius ; which I placed in the meridian, 
ahdobferved the following zenith diftancesof ftars, 
to difcover the error of theinftrument, if any it had. 
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^* From a mean of the above 1 8 obfervations, the 
*^ error of the quadrant is 2^% to be fubtraded from 
*** the zenith diftance, when the face is weftwards, and 
" added when it is eaftward. 
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Zenith diftances of the Sun's limbs obferved, and the latitude of the 
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The mean of both, viz. 40 9 56 is taken for the latitude of the obfervatory. 
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" The difFerence of the above obfervatlons is 
*^ greater than might be wiflied. All that I can of- 
^* fer to excufe them is the want of better inftru- 
*^ mentsj although I think the differences were 
^^ much owing to the adion of the Sun on the 
^* wooden frame, which fupported the quadrant* 
^^ For I always found, that when the fliutter in the 
** roof was opened, the plummet-wire would, in a 
*' minute or two, leave the point, although it had 
*' ilood quietly over it all the forenoon. Never- 
^* thelefs, a mean from fo many obfervations may be 
** fuppofed very near the truth; fince, if we leave 
*^ out that of June 6, which differs moffc from the 
** others, the mean of them will be but 2^^ greater 

*^ than the latitude fet down above." 

So far I have given Mr. Rittenhoufe's account of 
his obfervations, previous and fubfequent to the tran- 
fit ; for regulating his time-piece, and fixing the lati- 
tude and longitude j containing many months work, 
viz. from February 15^10 July 8, More obferva- 
tions have been taken fince, but the above are thought 
iufficlent. 

It hath been already mentioned, that it was not till 
Thurfday afternoon, June i, that Mr. Lukens and 
myfelf arrived at Norriton, with a dcfign to continue 
with Mr. Rittenhoufe till the tranfit fhould be over. 
When we fet out, the profpedt before us was very 
difcouraging. That day, and feveral preceding, had 
been conflantly overcaft with clouds, and frequent 
heavy rains, a thing not common for fo long a pe- 
riod at that feafon of the year, in this part of America* 
But, on Thurfday evening, by one of thofe fuddea 
tranfitiona which we often experience here, the 

weather 
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weather became perfedlly clear in lefs than the fpacc 
of one hour, and continued the day following, as 
well as the day of the tranfit, in fuch a ftate of fe- 
renity, fplendor of funfliine, and purity of atmo- 
fphere, that not the leaft appearance of cloud was to 
be feen in the whole heavens. 

June 2, and the forenoon of June 3, were fpent 
in making the neceflary preparations; fuch as, exa- 
mining and marking ihG Jbd of the telefcopes, parti- 
cularly the refledor with and without the micrometer, 
and in its different powers. Therefle6torwasalfopIaced 
on a polar axis ; anjd fuch fupports were contrived 
for refting the ends of the refradors, as might give 
them a motion as nearly parallel to the plane of the 
equator as fuch hafty preparations would permit. 
Several diameters of the Sun were taken during this 
time, and the micrometer examined by fuch other 
methods as the time would allow. 

The Sun was fo intenfely bright on the day of 
the tranfit, that it was found beft, early in the fore- 
noon, to lay afide the coloured glaifes, brought with 
the reflecting telefcope from England ; and to put on 
deeply-fmoaked glaffeS) which Mr. Lukens prepared, 
in their room ; and which gave a much more beau- 
tiful and well-defined appearance of the Sun. 

Mr. Rittenhoufe, on a fuppofition of the Sun's 
horizontal parallax being but 8'^ had, in one of his 
calculations of the time of the tranfit, made in Sep- 
tember^ 17685^ brought out the firft external contad, 
at Philadelphia, to be June 3, 2^ 1 1', mean time. 
It happened, that he was not many feconds wrong in 
this, although mofl other calculations made it from 
6' to 8' later foif Philadelphia. 

R r 2 Wc 
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We thought It prudent therefore, at one o'clock, to 
take off the micrometer from the refledor, which had 
been ufed with a magnifying power of 95 times ; 
and, after adjufting the focusj continued the fame 
power for the reafons mentioned ^below, in order to 
obferve the tranfit; and left the external contadt might 
happen ft ill fooner than the earlieft predided time, it 
was refolved, during the hour from one till two, to 
keep an alternate watch, through the refledor, on that 
half of the Sun's limb where the contad muft happen ; 
while thofe not thus employed were making all other 
preparations as follows, viz. 

1. That each of us might the better exercife our 
own judgment, without being influenced, or thrown 
into any agitation or furprize by the others ; it was 
agreed to tranfad every thing by fignals, and that one 
obferver (hould not know what the others were do- 
ing. The fituation of the telefcopes^ the refledor be- 
ing within the obfervatory, and the two refradors, 
mounted at fome diftance from each other without 
it, favoured this purpofe. Wherefore, 

2. Two perfons, viz. Mr. Sellers, one of out 
committee, for whom no telefcope could be pro- 

* As the refrafting telefcopes gave but a fmall field, and were 
very unmanageable, on account of their length, and the Sun*s 
great altitude, it was thought heft to nfe a fmaller power and 
larger field with the refledor, that if the contad fliould happea 
at a different part of limb than where it was expefted, one of us, 
at leaft, might be fure not to mifs it, but give notice to the 
others. It was agreed, however, that if the contad happened at 
or very near the part of the limb where we did exped it, no fuch 
notice was to be given. It was,, although, thought beft to have 
fome difference in the magnifying powers ; and the vifion with 
the refledor was fo diftind and well de£ned, that I am well 
pkafed I ufed no higher power, 

vided. 
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vided, and Mr. Archibald M'.Clean, both men of 
abilities, and accuftomed to aftronomical oblervations, 
were placed in one window of the obfervatory, to 
count the clock, and take the fignals from Mr. 
Lukens. Two others, who live in Mr. Rittenhoufe's 
family, and have been trained by him to fervices of 
this kmd, ftood in another window, within the ob- 
fervatory, to count the time, and take bis fignals. I 
was within hearing of the beats of the clock, and 
was to count and fet down my own time. 

Thefe preliminaries thus fettled, at two o'clock,, 
each of us applied to our refpeftive telefcopes; but 
as: there was a great concourfe of many of the prin- 
cipal inhabitants of the county, we were apprehenfive, 
that our fcheme for filence and order might be in- 
terrupted by the impatience and curiofity natural on 
fuch occafions. We therefore informed the gentle* 
men, who had honoured us with their company, that 
the accuracy and fuccefs of our obfervations would 
depend on our not being difturbed with the leaft 
noife, till the contad:s were over. And to do the 
company juftice, during the 12 minutes that enfued 
before the firft contadt, there could not have been a 
more folemn paufe of expedlation and filence, if each 
individual had flood ready to receive the fentence that 
was to give him life or death. So regular and quiet 
was the whole, that, far from hearing a word fpoken, 
1 did not even hear the feet of the four counters,, who 
had pajffed behind me from the windows to the clock j 
and I was furprized, when I rofe up and turned to 
the clock, to find them all there before me, counting 
up their feconds to, an even number) as I imagined, 

from 
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from the deep filence, that my affociates bad yet feeti 
nothing of Venus.^ — *— 

As the contads are reckoned to be one of the moft 
eilentiai articles relative to this phsenomenon, it is 
material, before we fet down their times^ to give a 
particular account of the manner in which each ob- 
ferver judged of them, and the other circumftances 
attending them. 

Mr. Rittenhouse's Account of the CoNXACts. 

*^ At 2^ 11^ 39^^ per clock, the Reverend Mr. 
^^ Batton, of Lancafter^ who aflifted me at the te- 
lefcope, on receiving my fignal, as had been 
agreed, inftantaneoufly communicated it, by wav- 
** iiig a handkerchief, to the counters at the windoWj 
vvho, walking foftly to the clocks counting as they 
Went along, noted down their times feparately, 
agreeing to the fame fecond* And three feconds 
fdotier thaii this, to the beft of my judgment, was 
the tirtie When the leaft impreffion made by Venus 
on the Sun's limb could be ken through my te-^ 
*^ lefcope. 

" When the Planet had advanced about one third 
*^ of her diameter on the Sun, as I was fteadily 
^^ viewing its progrefs, my fight was fuddenly at- 
** traded by a beam of light, which broke through 
on that fide of Venus yet off the Sun. Its figure 
was that of a broad-bafed pyramid; fituated at 
*^ about 40 or 45 degrees on the limb of Venus, 
** from a line paffing through her center and the 
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*^ Sun's, and to the left hand of that line, as feen 
" through my telefcope, which inverted. See Tab* 
" XV. fig* I.— About the fame time, the Sun's light 
began to fpread round Venus on each fide, from the 
^^ points where their limbs interfered each other, as is 
likewife reprefented in fig. i. 

As Venus advanced, the point of the pyramid 
ftili grew lower, and its circular bafe wider, until 
it met the light which crept round from the points 
** of interfedtion of the tw^o limbs : fo that when 
** half the Planet appeared on the Sun, the other 
half was entirely furrounded by a femicircular 
light, bell: defined on the fide next to the body of 
Venus, which continually grew brighter, till the: 
** time of the internal contact. See fig. 2. 

" Imagination cannot form any thing more beau- 
** tifully ferene and quiet than was the air during the 
*^ whole time 5 nor did I ever fee the Sun's limb 
more perfeftly defined^ or more free from any 
tremulous motion ; to which his great altitude 
** undoubtedly contributed much.. When the in- 
ternal contact (as it is called) drew nigh,. I fore- 
faw that it would be very difficult to fix the time 
with any certainty, on account of the great breadth 
and brightnefs of the light which furrounded that 
part of Venus yet off the Sun. After fome con- 
*^ fideration, 1 refolved to judge as well as 1 could of 
*<^ the co-incidence of the limbs 5^ and accordingly^ 
*^ gave the fignal for the internal contad: at 2^ zS^ 45^^ 
^' by the clock, ^nd immediately began to count 
** feconds,. which any one,, accuftomed to it,, may 
** do, for a minute or two,, very near the truth. In 
** thia manner,; I counted no lefs. than i^ 32^^ before 
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«^ the efFedls of the atmofphere of Venus on the 
*« Sun*s limb wholly difappeared, leaving that part 
<« of the limb as well defined as the reft. From 
** this I concluded, that I had given the fignal too 
*' foon ; and the times given by the other obfervers 
<* confirm me in this opinion/' 



iiirto«i|piiiiiii«iwMwi«wMiwM«»*ww«wi*i*i"iai'iMii>»H I wiiiMiiiM"^ *i*i iiiw »■ - nm mm$«t»mi>»* ,m»^^^»mitmmm 



Mr- LuKENs's Account of the Contacts, 

" The telefcope 1 ufed^ being a rcfrading one of 
«« 42 feet, giving but a fmall field, and fomcthing 
« difficult to manage 5 I was obliged to move often, 
^^ and apprehend that 1 did not difcover the firft 
^« external contacl exadly. For, after one of thofe 
^« movements, on bringing the glafs to bear again on 
^« that part of the Sun's limb where Venus was ex- 
^^ peded, I faw a large tremulous fhadow, already 
*« fomewhat advanced, and feeming to prefs ftill in- 
<« wards on the Sun's limb. Having contemplated 
« this for a few feconds, and perceiving the appear- 
«* ance grow more dark, and make a better-defined 
*^ impreffion on the limb, I gave the fignal to the 
" perfons who counted time for me, which they 
<< noted down feparately at 2^ 12^ 3^^ by the clocks 

« When Venus was near one half her diameter 
« advanced on the Sun, I faw a border of light en- 
<« compaffing that part of her which was yet off the 
«* Sun. This was fo bright, that it rendered that 
*V part of Venus vifible, and pretty well defined, al- 
«« though off the Sun. But, towards the internal 

« contad. 
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^^ contaiSi', the Circular border of light became of a 
*< more dufky colour, efpecially at the two points 
*^ where the luminous fegments of the Sun's limb 
^V were ready to clofe round the Planet. This 
*^ dufkinefs did not feem to part wholly from the 
** Sun's limb, at the time I apprehended the body of 
** Venus to be wholly entered on the Sun, and when 
** I gave the fignal for the internal contadtj which 
«« was noted at 2^ 28^58^^ by the clock. And I 
** judge from U^ to V^ more, before I faw the Sun's 
*^ limb dear of this dufky furrounding fhadow, and 
** as well defined as before the firft con tad*." 






Dr. Smith's Account of the Contacts. 

" Having, for reafons already affigned, determined 
** to continue one of the fmaller powers of the Grego- 
rian refleftor, for obferving the contacts (viz. that 
which we had been ufing, and wereagain toufe, with 
the micrometer, magnifying 95 times), I had a large 
field, takingin,atleaft,onehalf of the Sun's diik; and 
the telefcope was fo firmly fupported (with its axis 
^* in a polar diredion), that it could not be fliaken 
«* by any motion on the fearthen floor of the obferva- 
*^ tory, and required only a fmall movement of one 
«« of the handles of the rack-work to manage it. 
*« With thefe advantages, it was eafy to keep any 
^< part of the Sun's limb in the middle of the field, 
^« without negleding to caft my eye, every three or 
four feconds^ on every other part of the Jidib 
Vol. LIX. S s ** on 
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« on both fides, where there was any pofllbllity of 
" the contadl to happen, 

*^ It being now within about halfa minute of the tim^ 
«« which Mr. Rittenhoufe had calculated for the firft 
<< contadl:, I called to the four counters at the win- 
<* dows, to be very attentive to thofe who were to give 
<^ the fignals from the telefcopes without doors 5 and 
<* turning my eye to that part of the limb where the 
«^ contact was expeded, I had been, for feveral fe* 
<« conds, viewing it ftedfaftly, when, all at once, I faw 
*« fomething ftrike into it like a watry pointed £ha- 
«' dow, appearing to give a tremulous motion to that 

part of the Sun's limb, although the telefcope 

flood quite firm, and not the leaft difturbance or 
** undulation was perceptible in any other part of 
'< the limb. 

" The idea I had formed of the contadl was— 
*' that Venus would inftantaneoufly make a well- 
^ defined black and fmall dent or impreflion on the 
** Sun. But this appearance was fo different, the 
« difturbance on the Sun's limb fo undulatory, 
" pointed, ill-defined, waterifb, and occupying a 
** larger portion of the limb than I expedted, that I 
«* was held in a fufpence of five or fix feconds, to 
^* examine whether it might not be fome fmall Ikirt 
'* of a watery flying clouds But perceiving this 
** fhadow, or whatever elfe it was, to prefs ftill for- 
" ward on the limb, with the fame tremulous, 
*^ pointed appearance (the longeft points towards its 
** middle), I began to count the clock for either 
♦* fifteen or fixteen feconds, when a well defined 
" black dent, occupying a lefs fpace on the Sun's 
** limb, became plainly vifible, I then quitted the 

<♦ telefcope^ 



^f telefcope, and turned to the clock, to note this 
*^ time for the contaft, which was 2^ 12^ 5^^ About 
*' 22^"^ fooner than this (being doubtful to two or 
*^ three feconds at firft) was the firil: impreflion I 
*« faw on the limb ; wdiich I have marked accord- 
<' ingly at 2^ 1 1^ 40'''' to 43^^ If this firifl- impref- 
*^ lion is to be taken for the external conta(ft, I think 
*^ it might be judged of to a finglc fecond of time; 
** which one could not do by feveral feconds, either 
^^ with refpedl to the internal contact, or even with 
^« refped to the moment oi' the diftincft black dent 
'^ made at the external contad^ both which are far 
*< from being inftantaneoufly perceptible. Whether 
<* a telefcope of larger powers than what I ufed 
*' might not have fliewn this firft impreflion fooner 
*' (be it an atmofphere or whatever elfe), I will not 
^* determine j though from Mr. Rittenhoufe's time 
^' I think it probably would* But I am fure that I 
*^ faw the firft ftroke that was perceptible through 
^^ my telefcope, and might have noted it to a finglc 
" fecond, had I expeded it in that way. 

*^ As to the iriternal conta<ft, the thread of lights 
^* coming round from both fides of the Sun's limb^ 
did not clofe inftantaneoufly, but with an uncer-* 
tainty of feveral feconds, the points of the threads 
darting itito each other, and parting againi, in a 
** quivering manner, feveral times before they finally 
" adheredi I waited for this adherence with all the 
** attention in my power, and noted it down for the 
*' internal contad at 2^ 29' 5^', a few feconds latfer 
«« than Mr. Lukens, who took the fame method of 
** judging. 

S s i *« Having 



it 
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" Having quitted my telefcope to note down the 
** time, the gentlemen who counted for us, as well 
*^ as feveral others now come into the obfervatory, 
<^ were anxious to fee Venus on the Sun through the 
" refledor, as it was eafily manageable ; an indul- 
*' gence not to be denied 3 and therefore I did not fit 
•* down to it again till about four or five minutes 
<^ before the internal contad, and then not with 
<< much attention till the contad was at hand j fo 
** that I faw none of thofe appearances, on the part 
** of Venus off the Sun, mentioned by my aflbciates. 
<' But their account may be depended on; for Mr. 
*^ Rittenhoufe's abilities have been fpoken of before; 
^' and few perfons have a better judgment, a correcSer 
*< eve, or have been more accufl:omed to view ob- 
*« jeds, both celeftial and terrefi:rial, through te- 
** lefcopes, than Mn Lukens. 

" As to the fmall differences in the times of our 
<< contads, it is prefumed, they may be eafily re- 
^^ concilcd, partly from the different powers of the 
*' tclefcopes, and partly from the other circumftances 
*^ mentioned in the manner of judging of them. 
^< At any rate, we have fet them down faithfully. 

<^ As to the firft difturbance made on the Sun*s 
<^ limb, it may he worth confidering, whether it was 
** really from the interpofition of the limb of Venus^ 
*< or of her atmofphere ? The former, one could not 
*^ eafily imagine it to be, unlefs her limb and body 
<^ were much more uneven than they appeared to 
<^ be when feen on the Sun. An atmofphere it 
<« might more probably feem to be, not only from 
^' the faintnefs of the colour, but the undulatory 

<« morion. 
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^^ motion, which might arife from the growing den- 
*« fity of the atmofphere, as it pufhes forward on the 
** Sun, varying the refradion of the rays. If fuch an 
'* atmofphere be allowed, then it probably gives the 
^^ fame tremulous motion, at the internal contad, to 
'' the thread of light creeping round Venus ^ and 
prevents its doling quietly till the atmofphere (or 
at lead its denfeft part) be wholly on the Sun j and 
confequently the true coincidence of the limbs be 
*^ paft. For though the atmofphere of Venus can- 
not be (ecn on the Sun, yet that part which is fur- 
rounding, or juft entering on the Sun's limb, hav- 
** ing> as it were, a darker ground behind it, may be 
<* vliible. But thefe are only little conjedures fub* 
*^ milted to others; though if they have any founda- 
*^ tion, it would make fome difference in the time 
^^ eftimated between the contads/' 



(4 






General 
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General Table of the contafts of the limbs of the Sun and Venus^ as obfcrved 
at Norriton, June 3, 1769, reduced to apparent time. 

N, B, June 3, by the preceding Tables of the work, the Sun*s center 
was on the meridian, at li^ 58^ 49^"^ by the clock, and June 4, at 
11^ 59' 2^', and therefore gained 13''^ in 24 hours of apparent time. 
Wherefore at noon June 3, the clock being 1^ 11^'' flow of apparent timcj 
it was only 1^ 10^'^ flow at the obfervation of the contacts* Whence 

The apparent time of the different contafls was : 



External cbntaft, by Dr. Smith. 



a 



// 



/; 



Extern; €onta£t> by Mr. Lukefts. 



I ft vifible impreffion oa 

the Sun*s limb, in form 

of a quivering dulky j.2i2 50to ^3 -.-.«.-.--.- — .^-4-.- 

fliadow, with many Uhcertain, to 3" 

points J or 4'^ 

A well defined black 1 

dent in theSun*slimb| >2 13 ij; 

at J 



(f 



h f 



It 



n 



A fmslll dentl 

in the Sun's > z 13 13 

limb J 



Internal contaft. 
Judged from a thread"^ 
or crefcent of light, 
clofing round the dark J. 2 30 i$ 
body of Venus, wi h a 
Iremulous motion, at 



Internal contad. 



2 30 8 to 14 



■w*mC 



External contafl:, 
by Mr. Rittenhoufe. 



Judged of as 
defcribed in his 
account 



^2 12 4^ 



•»•»■ 



Internal contact. 

Judged of as ij 
defcribed in fig, 1 
3d of his ac- r ^9 55 
count, Plate XV. J 



<»>«» 



<* When Venus was fully entered on the Sun's 
«. limb, and we had iatisfied ourfelves by comparing 
<« our different notes m the contadts, which were 
" thrown together on the table of the obfervatory, we 
prepared for the micrometer, and other oblerva- 
tions. The greateft part of the micrometer obfer- 
** vations Were taken by me, while Mr. Rittenhoufe 
*« undertook to mke another fet of obfervations i 

" namely^ 



€t 



U 
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« namely, the appulfes of the limbs of the Sun, and 
the center of Venus, to the crofs hairs of the equal 
altitude telefcope ; Mr. Lukens taking and writing 

*^ down the time for him. 



ff 



ti 



The whole obfervations, reduced to apparent time,, are as 

follows : 
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Micr<m5eter meafiircs of Angular va- | 


5 » 




the ieaft diftance of the 1 
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A pp. time. 


neareft limbs of the Sun i 


Tiicrometer 
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June 3, 1709. 
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3 7 19 


4 0,5 I 45,4 1 


R. 2 


3 11 39r 


-4 12 
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3 17 4^ 


5 2 
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^ 5^»7 
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3 40 4 
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11 17,5 
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6 22 4 


10 5,5 
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6 31 5 


9 20 
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6 41 24 
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3 57*38 
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► 6 48 12 


8 13 


3 44»6o 


17 


' 6 53 30 


8 1,5 


3 32,47 
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► 6 56 22 


1 7 23 


3 28,76 



Parallax of Venat from the Sun, ad* 
ju (led to the times of the micrometer 
obfervaticns, for projcOing the tranfit j 
by Mr, Rittenheafe. 

Iln the path ofJPerpendicukr 
Venus. 
ff 



ff 
14,54 

i4»74 
15,09 

15*77 
16,17 

18,45 

19,02 

i9»5 
19,88 

20,12 

20,36 

20,52 

21,0 

21,12 

21,22 

21,26 

21,28 

21,29 
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13*67 
13*88 
14,24 
14,92 

15*32 

17*45 

»7*95 
18,36 

18,64 

18,8 

1 8,95 

19,06 

19,21 
19,22 

19*15 

10, kZ^ 

19,04 
19,02 



to tkr path^ 
it 



4,94. 

4t9^ 

5*0^ 

5*13 

5*^3 

6,5 

6,32 

6,63 

6,9s 

7*23 
7*48 

8,57 
8,82 

9,14 

9*3 J 
9*49 

9,56 



Diftance of the limbs of the Sun and Venus, taken in 
chords, parallel to the plane of the equator. 
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3 58 53 

4 27 18 

6 4 27 
6 9 28 



©'se.limb o 17 14,3 
Ditto I 3 6 

Ditto 2 o 20 

Q'sw.limb o iji" 6,5 
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!0 14,74 
18 0,08 

6 43,271 



Parallax of Venut from the Sun, adjufted 
asabove«. 
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■B^ 
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l5lametfiirs df Vaius oti the 
SuD, June 3, 1769. 
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4>S 

5 

4»7 
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The above times art 
fet down by the clock, 
according to the vulgar 
reckoning; as are all 
che micrometer obfer 
vations of the Sun's di- 
ameters. 



Diametets o( the S^uft, 
June 2, P. M. 
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From a mean of the above fix diameters of Venus on the 
Sun, allowing for the error of adjuftment, as mentioned 
below ; 



ft 



Venus*s diameter, for the day of the tranfit, was 
The Sun*s femidiameter, ffom a mean of the five 1^ 
horizontal diameters, taken the fame day J 

Or, from a mean of four, taken that day, leav- 
ing out the fecond, which Mr. Lukens thinks 
he may have taken too large 



o S7^3 
H 47^0 

15 45»o 



All the micrometer obfervations were feparately reduced to 
their value in minutes and feconds, both by Mr. Rittenhoufe and 
myfelf. Many more might have been taken ; but as fo many 
perfons were aefirous of looking through the telefcope, they 
could not well be denied ; and the number above fet down sre 
found fully fufficient for all the purpofes of the projedion ; efpe- 
cially as they have been found to agree fo well with each 
other. 

Such pf the micrometer meafures as were taken by Mr. Rit- 
tenhoufe or Mr. Lukens, are marked with the initials of their 
names. All the others I am anfwerable for. \ 



Our obrervations being thus finifhed, Mr. Ritten- 
houfe was pleafed to undertake the projedtion of the 

tranfit 
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tranfit from themi and his account of the work 
follows : 

Delineation of the tranlit of Venusover the Sun, accord- 
ing to the Norriton obfervations, with the principles 
of the work. By Mr. Rittenhoufe. SefeTab.XV, 
%. 4. 

<« The Sun's horizontal parallax is affumed 8'^65 
<« at his mean diftance from the earth; from which, 
*< and the obferved leaft diftance of the centers of the 
<* Sun and Venus, the chord for the tranfit line was 
" laid down. The femi-diameters of the Sun and 
*^ Venus are taken as by the above obfervations. 
" One point in the tranfit-line was then fixed by the 
" firft micrometer diftance of the limbs at 3^ f 19'' 
" apparent time. This line was carefully divided in- 
*< to hours and minutes, on the fuppofition that Ve- 
nus moves 24o^',3,6 over the Sun's difk in an hour, 
according to a calculation I had formerly made 
*« from Hailey's Tables. The place of Venus's cen* 
*« tcr in the tranfit-line was then marked to the times 
*^ of each of the micrometer obfervations, and from 
" thence the apparent place of her center found, by 
« fetting oft" the quantity of her parallax from the 
" Sun in its proper direction. About each of the 
<^ centers fo found, a circle is defcribed with the rad. 
** 28^^6, her obferved femi-diameter. Blank lines 
" were next drawn through the Sun's center, and the 
apparent place of the center of Venus. On thefe 
the red lines were drawn from the Sun's limb, pre- 
cifely of fuch length as we found them by the mi- 
crometer; fo that it may be k^Vi at once how 
far the micrometer meafures agree with each 
Vol. LIX. T t « other. 









it 
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••^ other^ by obferving how much they exceed or fall 
** (hort of reaching the limb of Venus. Out of the 
** 18 that were taken, 14 of them correfpond fo well 
*' that I am convinced they may bedepended upon* 
♦* The 4th which I have fet down, and only one 
** other, which will be found omitted, differ Some- 
thing from what they ought to bej which might 
eafiiy happen, either from any miftake in noting 
the time, or in reading the *u^r;^/Vr of the micro- 
meter, or not fixing it exadly in the direflion of 
the neareft diftance of the limbs 5 tho* great care was 
taken in this part, by fweeping it conflantly round 
" to try the truth of the contacts that were formed. 

«* The meafures intended to be taken in chords 
** parallel to the equator^ are very near the trutb^con- 
•« fidering that, in fetting the micrometer to that di- 
^^ redion, we had only the truth of the pbUr axis to 
depend on, which was conftrufted haftily to an- 
fwer the purpofe of the day, and was not exa(J!tly 
true, as a fmall mot on of the rack work that railes 
or depreffes the telcfcape was fometimes; »eceilkry 
to keep the Sun in the field. Three of thele mea- 
fures, parallel to the equator,, agree with each 
*^ other, and with all the reft of the micrometer pb- 
•'^ fervationSj, on fuppofijng the chord in which they 
** were taken inclined half a degree to the plane of 
** the equator. The fourth of thefe meaftres isftiU 
'* more nearly parallel to the equator, but diverges a 
*• little the other way. Thcfe chords are delineated 
^* in the *' projedion, and ferve to confirm the other 
** work. 

* It was inteaded alfo to have confirmed th€ projeilion ftill 
futthcr, l>y tke obi'ervatiaiis made of the ?g^ulfes of the limbs of 

•* All 
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«< All the parallaxes of Venus from the Sun were 
taken from a large pfojeaion on a fcale of half aa 
inch to one fecond, and then reduced to the fcale 
of this delkieation. After calculating Ibnac of 
thofe parallaxes, and finding thofe given by the 
projedion conftahtly true to the firfl: decimal placet 
any further nicety was thought needlefs. 



/t 



The 

with 



angle of Venus's vi/ible way 1 g *^ 27 
ith the ecliptic, I fihd J ' 



The angle of the ecliptic witk a1 

parallfel of dfctlkiation at 3^ ? 7 jj 13 decrcafing 53'^perhoiir. 



P.M. 



The latitude of the obfervatory, as 
above laid dotvn 



40 9 56 



Hence the parallaxes were fitted to each of the 
micrometer obfervations, as above. 



If a computation be ittade with the ift micrometer obfer-*^ ^ ' '^ 
vation of the difbnce of dte limbs^ we ihall find the I ^ ^^^ 
time of the leaft diftancc of the centers of the Sun itP^i^ **" 

Venusi as feen from the eatth'i center^ to have been j 



*■* 



the Sun and center of Venus to the cf-ofs- hairs of the equal alti- 
tude inftrument ; but it was found that fo many lines would 
confufe the figure* And the micrometer obfervations anfwering 
fo well, more were thought needlefs. Bafides this, no fra<3ions 
of feconds could be got in the other obfervations ; though, ne- 
verthelefsj a good feparate projeftion may be made bjr them* 

T t 2 If 
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If a like computation be made from the z6th ob&nration, 1 ^ ^6 21 
it will be found J 

By comparing fome other obfervaiions with thefe, lcon-1 ^6 20 
clude> the time of the lead difbnce of the centers was J ^ 



o f ff 

Then as radius to tangent of the angle 1 o ,0 

of the ecliptic, with path of Venus J ^ 

So is the leafl diftance of the centers 6 1 o 






To the diftance of Venus's place, when 
nearell the Sun's center, from her 
place at the time of ecliptic con- | ' 
jun^ion 

Which reduced to time (to be fubtradled) viz, o 22 41 
From time ofthe lead diftance of the centers 5 26 20 



90,88 1,95^4^^9 



h / 
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Leaves for the time of ecliptic conjunction 



S 3 39 
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As radius to fecant of 

So is 



S 28 2y 
610 



10,0047676 
2,7^53^9^ 



To the geocentric latitude of Venus at 1 
the time of ecliptic conjunftion J 



616,73 2,79<^^974 



From the logarithm of which fubtraft the difference of the "j 

logarithms of the diftance of Venus from the Earth and yp.^oQZSjo 

from the Sun j 

/ // 



Remains the logarithm of the\ ^ 



heliocentric latitude 



2,3898604 



o f ff 



As tangent of inclination of Venus V orbit 3 23 20 
To radaus; fo is tangent of Venus's helio- "1 ^ ^ 5^3^ 



centric latitude 



To the fine of her diftance from node in 1 
the ecliptic J 



9 4 



8,7724442 
7»07i:4375 



8>3029933 
The 
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The Sun's place at the time of the ecliptic conjunftionl , 

(by Halley's Tab.) was J2132032 

Add the diftaace of the node from the Sun o 194 

The fum is the place of the afcending node of Venus 2 143^ 36 

Theplaceof Venus, by Halley'sTablesi to the fame time 8 13 26 22 

mmmmmmmtmmm*mmmmtmmmmm. 

That is, ten feconds too little. 



In order to find the error of the micrometer (if 
any), Jupiter's diameter was meafured to the right 
and to the lefts and Mr. Rittenhoufe afterwards 
took the trouble to meafure the diameter of a white 
painted circle both ways ten times. This work was 
performed early in the morning before fun-rife, when 
the air was ftiil, and free from all tremulous mo- 
tion ; the refult of which, on a mean of thofe to the 
right, and a like mean of thofe to the left, was an 
error of adjuftment for the micrometer of i^iz 
to be fubtraded ; which was accordingly allowed 
for in the reduction of all the micrometer mea- 
fures. 

Thus we have given a full and faithful account 
of our work. We could have wiflied to have 
comprized it in lefs room. Had our latitude and 
longitude been well fixed, as they had been at 
Philadelphia, by able mathematicians, beforehand, 
a confiderable part of our work might have been 
faved. But as it was neceflary to fhew, that fuch 
pains have been taken in thefe material articles, that 
fhey may be depended on 1 and as we had op- 
portunities 
1 
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portunitles of obl^vation, from the goodnefs of the 
weather, and other circumf1:ances> which cannot 
have happened to the generality of obfefvers inr 
many parts of the worlds we thought we fliould be 
the eafier excufed by men of fcience, for fhe m- 
fertion of twenty fuperfluous things, than the negledl 
of any thing material in the account of a phaeno- 
menon, which will never be obferved again by any 
of the prefent generation of men. 

I am, 

Gentlemen, 

with great refjpefl. 

Your moft obedient, 

humble fervant, 

Phiiadeipiuj July .9. William Smith. 



N* B* Fig. 5, plate XV, reprefents the appear-^ 
anc€ of Venus on the Sun to the Reverend Mr. 
Hitchins, at the Royal Obfervatory. See PhiloH 
Tranf. voL LVIIL for 1768, p. 363* 



XLH. Ob/er^ 



>^ (J »»« JH" — — -^ . 






""^^-S^Tj 


/^ _i?».^„^,,^/i^,. ■"-' VJ?"*'*'^^^ 


' T^^r^.-^,:Z^ 


/ fy'~-^^^^^^^5ss4. 


L_i! — L — ''' * i * ■ A ■ ti ' /> ■ A ■ * J- A ■ /!. ■ k-^ 


* .1. i 1 < J- i. i 1 — i — > ''""'■' — ==' 



